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(71) We, SHELL INTERNA- 
TIONALE RESEARCH MAATSCHAPFIJ 
B.V.» a coaxq)any onanised under the laws 
of The NedMdbids, of 30 Caid van 
Byla nd riaa n >> The BBgac, The Nediedands» 
do hsnby declare the invention, for \diich 
we pray that a patent may be granted to us, 
and the mediod b^ which it is to be per- 
foaned» to be particulaxly described in and 
by the fbllowing statement: — 

The invention relates to a process for the 
removal of sulphur oonqx>unds from Qaus 



The process for the pr^pasadon of ele- 
maatsl sid^^uir from Iq^dn^gen sul^iide 1^ 
partial oxidaticm thereof means of oxygen 
or an osygenroontaming gas such as air, 
followed by reactKm of the su^rfuir dkoide 
formed &om the h ydrogen sulphide with the 
remahwTig part of the hydrogen sulphide in 
dse piesence ctf a c^yst is known as the 
dans inocess. This process^ which is &e- 
^uendy used both at refineries and for wotk- 
mg up hydrogen sulphide r eco ve ied from 
nannal gas^ h earned out in a Cbm plant 
ooaqxrismg a aHid>inaiio3i chamber foOmed 
by one or more cataylst beds, one or more 
condensers being arranged in between yfMdi 
die leacdon i»oducts are cooled and the 
separated liquid sulphur is r eco ve re d . The 
varioas process sc^ can be xe|neseated by 
the following reaction equatkms: 

2H,S+30r^2H,0+2SOB (1) 
4H,S+2SO,MHiO+— |sxj (2) 



35 vrtule^ the total reacdon is rquesemed by 
equation 3: 



6HsS+30«dt?6H2O+ 



(?) 



For teaoeasmes bebw 500% the symbol - 
X in the aiiove equation has a value of 8. 

Since the yield of recovered <*ip«v^tai 40 
sulfur in respect of hydrogen sul^^iide intto- 
duoed is not coo^etdy quantitative> a 
certain amount of unreacted hydrogen 
sulj^iide and sulphur dioxide is removed * 
fnun the daus process. These gases are 45 
nonnally indneratied in a furnace — duzipg 
wfaidi process all hydrogen su^ihide is coo- 
verted to su^^un: dtoxtde — and subsequent^ 
discharged into the atmo^heie via a hlg^ 
stack. The amount of sulphnr recovered de- 50 
pends to some extent on die total mnriber of 
catalyst beds used in die Clans process. In 
theory, 98% of sididiur can be recovered 
when duee beds are used. However, in 
piacdoe the ykld ot su^ur is lower since 55 
carfocandi so^iMe (COS) and asbcm di- 
sdi^blde (CSO are formed by side-reactions 
between hydrogen sul^^iide and hydro- 
carbons and/or carbon dioxide present in the 
feed. Sulphur losses also occur as tiie result 60 
of the formation of dfanenfnl su^faur vapour 
and/or misL 

viewed in die l^t of the inoeasingjly 
stringent requhemenis hx respect iji air 
pdhtdon abatement, winking up dans 65 
ga^ in this way is less desuabk; Moceover, 
it invokes a certain loss in sulphur ykU. 

The total su^>hur owitynt of fH qy^ ofif. 
gases can be reduced 1^ adding a reducing 
gas to these off-gases and passing die 70 
resultant mktore over a catalyst vriiich 
catalyses tlie reduction of su^ihur and 
stdphnr oonmounds^ soch as SO^, and in 
some cases mo COS and CSe, to H^S. The 
resultant gas which should contain HsS as 75 
the only sulphur compound is cooled and the 
HiS is -subsequendy converted into element^ 
saliAnr. Havmg r^sod to die proviskMis of 
Secdon 9 of die Patent Act, attention is 
drawn to the claims of oi^t earlierdated U.K. 80 
P^ts Nos. 1332337, 1356^ and 
1^409,436 in tliis respect. 
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Problems may arise if complete ledaqdon 
of the sulphur conqxHinds present in the 
Oaus off-g9s does not tabe place and if» 
for example» SO2 is still present tberetn since 

S tiuDUgfK reaction with HzS, sudi SO2 may 
give rise to die fonnatbn of sulphur at 
undesirable locations and it msy mtezfere 
with the onwexdon process of HgS to 
subbuT) for cJcnnpTe, by reacdon occutriiffi 

10- absoiption aid/or ieactk»i liquuls used. 
fBOomj^Aete reduction of the soUhnr oonft- 
pounds may, exanq>le, occur n less dian 
die required amount of reducing gas added 
for the catafytic rediicdon. 

IS The quantities of sul^jhur OHnpoundsi, in 
pgrHfiitar SO2, in Cbiis off-gases may vai^ 
durii^ operadoii» for exampl^ as the result 
of too large an ak sap^y to die combustion 
chamber of the Oaus pSaiiti or of ageing of 

20 die catalysts m ^ Qans catalyst b^s. 

The raesent invention provides a process 
in v/biai ^ siq)ply of reducing gas to a 
Qaus off-gas is adfnstod in aooordsmoe with 
the amount of sulphur compound(s) therein. 

25 Acoordii^ to me present mvention tii^ 
is provided a process for die removal 
sulphur diosxde ficom a Glaus off-gas> in 
winch a rednrfng gas ccHJsisting ci or con- 
taining free hydrogen or free hydrogen and 

30 foee carbon monoxide d free carbon rnxm- 
oxide is added tt> the Glaus off-gas, die re- 
sulting gas mixture is treated 1^ passing it 
at a temperature in access of 175^ over a 
suli^iided Group VI metal and/or Gtoaip * 

35 Vm metal catalyst suppc^ted on an inorganic 
oxidic carrier, the resulting treated gas 
mrxtun^ wfaidi contains hydrogen sulphide 
is coded, at least partially by direct coding 
whfa an aqueous liquid, to a temperature 

40 bdow die dew point of water at the pro- 
vailing p ress ur e, and the hydrogen sulphide 
pre^nt in the resultii^ coded gas mixture 
is convert into demffltal sulfduir, whoein 
die prqxKtiQn said reducing gas added to 

45 said Qans off-gas is controlled oy (1) either 
(a) measming the amount ci hydrogen pre- 
sent in said treated gas mixture either b^ore 
or after the direct coding dieret^ or (b) 
-measuring, after dinxt coding, die amount 

50 of denrentnl sulphur formed in said aqueous 
liquid, (2) generating a signal proportional to 
the so-measured fltnonnt of hydn^en or ele- 
mental sulphur, and (3) ntilighig said signal 
to omtrd the amount of saM reducing gas 

55 added to the Qaus off-gas so as to maintani 
eidier (a) at kast a predet^nined excess of 
hydrogen in said treated gas mixture or G>) 
at least a predetermined minmuim amount 
cf formed su^mr in said aqueoos liquid, 

60 respectivdy. 

A Qans off-gas is the gas obtained after 
the fast catalyst bed of a Qans {dam. It is 
customary to eeap^oy Qaus processes in 
vriuch use is made of two beds^ but a third 

65 cBta^ftic bed h Tegiiaxfy used as welL *In 



addition to hydrogen su^hide and sulphur 
dioxide in a noio of qq>roximatdy 2:1, 
rigiia off-gases contain sulf^iur, nitrogen, 
water (as water vapour), hydrogen, caAoa 
dioodd^ carbon monoxide^ small amounts of 70 
inert gpses if die Glaus plant is operated 
with air, and small amounts cf carbonyl 
sulphide and carbon disiilphide. In some 
cases Igy d rogen cyankle and/or ammonia may 
also be pssent 75 

After passing the last bed and the con* 
diBDser for the veoovery of dcmentHl sulpbnr, 
the Qans off-gases normally have a teno- 
peiatnre of ficom 130% to 170^ For the 
reduction stage over the Qroap VI metal/ 80 
Groiqi vm metal Meneddeff Qasafication 
catalyst, however, the off-gases must have 
a hitler fieD^ierature^ and dierefoie these off- 
gases are heated to a temperature in eaooess 
of 175^ wfaldi pxsSaaMj is betofsen 85 
180% and 600^ and mcHe preferably be* 
tween 200% and SOO^C. Sudi xmxease In 
tenqiecatme above 175% is also ioqNStaiit 
m view of die TOesence of small amounts 
of dfimenniT sn^phnr in die fbstm of a mist 90 
or v^onr in die oS-gase& This d^ectbnaUe 
so^^iiir mist diss^ipeacs vAen die tCB^ 
pecatme is raised above the dew point of 
sdphnt: It has also been found that as a 
resnk cf raisiiig the tenq)eratin:e to above 95 
175<*Q and pttiGaafaly to above 180%; the 
presence cf elemental sulphur in the gas 

phase iias no adverse effect on die catalytic 

activ ity of die redaction catahst to be nsed. 

The increase in temperature d the Qans 100 
off-gases may be achieved by exienial heat* 
ixig. It is preferred to lieat die Qaus off- 

res to a ten^iecatizte in excess of 175% 
a direct hesoing burner to v^iidi a fnd 
mi an osygen^ontahiing gas are siq^idied. 105 
Li a burner of tiiis type a fnd is bimit in 
a burner section atwI die resultant oombus- 
tion gases are mixed with the Qaus off-gases 
to be heated in amixmg section d the direct 
heating bun». 110 

The Glaus off-gases are mixrd with a re^ 
dudng gas \riiicfa may be added before or 
after heatii^ to a teniperature of at least 
175%. Whea making use of a direct heating 
bvamsx the reducing gas is suhal^ si^[^)lied 115 
after the ocmibustion of die fud and before 
the mixing of the combtstion gases widi tiie 
Gfaus <^-gases. 

PrdesaUy, the reducing gas contains 
both h3^gen and cadxm monoxide. 120 
Very smtabk reducing gases are town 
gas, water gas, syimiesis gas, off-gas 
of a catalytic refcmning unit^ gas produced 
in a hydrogen piant <k gas obtained 
&om a wosidng-tq> unit for saturated crude 125 
gases from petrdemn. Pure hydrogen or 
carbon mommd& or mixtures thereof are also 
digibk for use. FreferaMy, a reducing gas 
which contains at kast 5%, by volume^ ci 
Hjty or an equrvaleot amount of hydr^en 130 



3 



3 



and caibou monosdde or an equivalent 
amount oT carbon maooxicfe is used. 
Mixtures ci hydrogen and carbon mooinide 
ivhkfa contain die said oooqxiunds in a 
S volume ratbrf 10:1 to 1:9 ha^becD found 
tD^ be partkdady suitable. When udng 
mistutes of hydrogen md carbon mooomctei 
h^^ber space vdoddes can be used for the 
same degree of conversion of the reducing 

10 agent than vfbexi using Iqrdrogen per se. This 
is due to the fioct tihat in the presence oi 
carbon monoxide die reaction rate for the 
teducdon of the sulphur oon^Knmds in tiie 
Qaus c^-gas increases. The hydr^en or the 

IS hydrogen-omtaining gas is used in such a 
quantky tiiat tiie ratio between hydrogen 
flmd/or carbon mraioxide and sulphur dioxide 
is between 3:1 to 15:1. This ratio is pre- 
ferably between 3.5:1 and 8:L 

20 Wnen tise is made oi direct hsstisg 
burners for heati^ the C3aus off-gases to die 
temperature required for the reduction, it is^ 
hoTOver, also pos^Ie for the reducing gas 
to be produced by this heater. To diis end 

25 preferaidy a li^t hydrocarbon (having at 
most 6 carbon atoms), such as methanf^ 
propane, butane ot mixtures thereof, is burnt 
with a subscoichumietric amount of ak or 
oxygen. However, it is also po6s3^ to use 

30 liquKl hydrocarbons such as naphtha, 
kerosine and gas oil for burners of this type- 
In diis case a oxnbusdon gas is fanned 
which contains hydrogen and carbon mour 
oadd& It is desiraUe to produce no soot or 

35 a minimum thereof in this partial con^bus- 
tion in order to avoid clogging oi the catalyst 
bed. The soot jModuction and/or the com- 
bustion temperature can be further con* 
troHed by ixqectii^ water, steam or a mixture 

40 thereof into the combusdon diamber of die 
direct heating burner during the combusdon. 
As described abov^ the resultant combustion 
gases are mixed with the Clans off-gases in a 
mnnng section. 

45 As has been explained above^ problems 
arise ^dien the amount of reducing gas is 
not sufficient to reduce all d^ sul^bur com- 
pounds present in the Clans off-gases to ELsS, 
and at such a moment the amount of redno- 

50 ing gas ^ch is mixed vridi die Claus (tf- 
gases is adjusted* or bcreased, aooidhig to 
the inventicm. 

When a direct hearing burner is used for 
the i»oductioa of die reducing gas, the 

55 amount of reducing gas is contr^Ied 
ddMcr Incrrasiog the sappfy of tiie feed to 
the burner or decreasing the dkygen sui^y, 
or the air stq^i^y, to the bumor, or both. 
After hearing to a tenqierature in excess 

60 of 175% the Chm off-gases, tog^her with 
the reducing gas, are pas^ over a sulphided 
Qtaap VI metal Graap Vm metal catalyst 
in onier to reduce tite sulphur dioK^ to 
hydr pge a sulphide. At the same tune de- 

65 mestd sn^ifanr is converted to hydrogen 



sulphide. The reduction catalysts used may 
be catalysts containing mobbdeimm, 
tungsten and/or chromium as droup VI 
mi^al, and preferably a metal from the iron 
gcoi^ such as cobalt, ni<^ and/or kaa as 70 
Group vm metaL The moiganic oxidlc 
carrier may be alumina, silica, ma^rnpfAa^ 
boria, dioria, ziroonia or a mixture of two 
or more of these co mp o ui ^ Alumina is 
preferred. SuitaUe reduction catalysts for 75 
use in accordaooe with the process of the 
mventioa are a 

Ni/Mo/AltOs or a Co/Mo/Al,0, 

catalyst. 

The treatment ol the c^-gases with a &ee 80 
hydrogen — and/or ftee carbcMi monoxide- 
contaimng gas is prdetsiAy effected at a 
ta mp er a tugc la die range of &om 180% to 
600%, and more prefeaUy between 200% 
and 500%. Ahhou^ die pressure used is 85 
mamly aonosphedc^ sli^y devated pres- 
sures may also be used, if desired. The space 
velocity used during tlie reduction is nom 
500 to 10,000 Ml of Claus c^-gases per 
litre of catalyst per hour. * 90 

After the Qaus c^-gases have been passed, 
in the presence of a reducing gas, over the 
sulfdiided Group VI metal/Gn>up Vm metal 
camyst s u pported on an inorganic (»u]ic 
carrier, th^ are cooled. Althoi^ it is 95 
XN)6siUe to carry out tlie entire cooling bj 
direct amtact with a cooling liquid con- 
sisting substantial^ ox ocuxqdetely of water, 
it is preferred to carry out the cooling in 
two stages, external oooling being used in 100 
the first su^ During such cmrnut cooling 
(a^ calkd mdxrect cooling water is very 
suitably used to coolant^ vduch water may be 
converted dnriqg tlie cooling into low^ 
pressure steam. Coolto^ in die first cocking 105 
stage h preferably carried out to a tem- 
perature of q)proxunatdy 140%— -180%. 

In the seocmd coding stage, tiie gases are 
subsequendy coded by duect contact with a 
coding Ii<pid consisting substantufly or . 1 10 
amxpkalj of water, jMnferably to a tem- 
perature below 50%. Water present in the 
gases is condensed and mixes with tiie cod- 
iiffi liquid. If in additicm to tlie gases 
stm contahi S0» (namely, ff the rednctioQ of 1 15 
the su^ur oompoaada in die Clans off-gases 
has not been conqdeteX some su^ifaur will 
form which wiE render the liquid leaving the 
coding unit somewfeai turbid. 

The amount of hydrogen present can be 120 
most suitaWy measured after the direct-cod- 
ing stage. The mnonnt of hydrogen can, far 
exani^^ be measured coff^duc wwwfr ical^ 
and me resdtant signal can be used to con- 
tsd die sappfy of reduciog ga& As a rule die 125 
oontroOer for die supfdy vabe of die reduc- 
ing gas will be set at a minimmn vahie 



because die presence of sulphur dioside in 
gases after die reduction stage is imdesii^ 
able. A large excess of hydi^en is only 
undesirable for economic reasons, but a 

5 certain excess should be present after die 
reduction stage, in order to ensure at least 
that all su^ur compounds other dian 
hydrogen su^hide have been reduced. The 
m^osnring si^oal may also be used to control 

10 the production of reducing gas when this is 
effected in the direct headng burner by 
means of partial oombustton <^ Ijght hydro- 
carixms as described above. To diis end the 
measuring signal is passed to a controller 

IS ^ch operates the stq>ply valve the feed 
and/or the OKygm or oxygeurcontaining g^s 
to the burners and coaaapSred dievein mSi a 
set value. 

The process may in theory also be 
20 Rovesned on the presence of sulphur dioxide 
cf hydrogeiiy but Cram the technical 
point of view it is in diis case difficult to 
measure the sidphur dicmde since tmder 
normal operating oonditicnis it is present in 
25 very small amounts of less than 10 parts per 
nnUum by vdume. In practice, therefore, 
the amount of hydrogen is measured since 
diis gas con^xm^ is presmt in larger 
quantities* 

30 Aooordnig to the inventicMi it is also 
possiHe to dcfenninft the amount of sulphur 
fomffid m (Hder to control the reducing gas. 
V^thin the scope of the invention the espres- 
sum "the amount cf su^hur'' most be tafeen 

35 in its widest sense, in other words, the ex- 
pres^m also indudes magnitudes which are 
direct rdated to the ammmt of sulphur, 
for exami^ die turbidity of an aquecras 
Uqnml containing sulphur. 

40 The amount of sulj^iur may be d^er- 
mined in any desired manner; it s pre- 
ferred to detenmne the tubidity ci the cool- 
ing Equid. As stun as turbidi^ occurs, the 
amount of reducing gas vAuA is mixed with 

45 die Oans off-gases is increased. Fteferahly, 
the observed indicadrai of the sulphur am- 
tent of the cooling liquid and the amount of 
reducing gas iriudi is mixed with the Qaus 
<df-gases is ooufded automatically. It wiH be 

50 ckar that the oontrd must be so that in 
the absence a small quantity of sulfur in 
the cooling liquid an ainoum cf reducing 
gas is BdSei to the Qaus off-gases ^Aich, 
unda normal operating cmiditions, is at 

55 least sufficient to convert the total amount 
of reducihie sulphur conqxiunds present in 
the C3ans (^-gases mto H^S, and it is pre- 
ferred that the amount of tedudng gas to be 
siq^lied to the Qaus off-gases to treated 

60 is, imder normal operattog conditions, 
yttg^d y larger* ^^mn ^^w^t ^itf%ipiiifl| w<^^ ic a l^y 



cocding liquid vridch flows out of the 
cooling installation after die direct oodii^ 
65 can be xemsed as coding liquid after it has 



been coded. Since the amount ci water in 
this cooling liquid increases as the result ci 
condensation of water present in the Qaus 
off-gases, some of the coding liquid is often 
raiKraed as a slip stream before redrcukdoa 70 
If de^red, small amounts of H^S present in 
the slip stream may be removed (for exam|de 

by stnppmg) as wdl as any amounts of 

dei^^ su^plmr^ j^e^nt (by ffitratifHi). 

It diould be noted that die conttd ctf the 75 
siqypty of cedudng gas by measuring the 
su^hur turbidity in the coding water as des- 
cribed is usually less suitable in those cases 
in which the Qaus off-gases also omtain 
atmnmiia. As a result, die codmg water 80 
becomes weaMy allcaline and if any sulf^ur 
dioxide is pieseitt m the gases (after reduo- 
thm) thionates are formed in the cooling 
water „and ^turbidity does not occur. 
Turbidity wiH only occur when tiie sdtH 85 
tioQ has been sufficienity addified by 
oontiiTOons sulphur dioadde absmpticMi. How- 
evei^ this xe^pdiBS an excessive period of 
tme* 

In this latter instance the su^dmr measure- 90 
ment dundd be ra r^ft^ out oa a slip stream 
of die oodmg water by addff^^ing It mider 
standardized conditions* TMxidily wiQ dien 
occur in the presence of su^Anr campoand& 
However, it will be dear diat process oootid 95 
by *ww»wft cf Iq^drogeii ineasi irement Is to be 
prdetred whm armminia is pieseat hi die 
Qaus off-gaSb 

The gases leaving the direct coding stage 
contain hydrogen sulphide vMdti is con- 100 
verted into demental sul^inr. This may be 
Elected in any suitable w^, but advan- 
tageoudy by passing die gases through a 
li^iM and regenetable abscHtbent^ regenerat- 
mg the faydrpgoi sul^^udeenridied aboibent 105 
ara 8t^)plying the hydrogen sdphide-ridi 
gas mixture liberated during rqgeneration to 
a Qaus i^ant (and prdexsbly to the same 
Qaus piant from whidi the treated Qaus 
off-gases <mgtnate), as desoibed in UX. UO 
Portrait Spedfication Na 1356,289. 

The hydrogen sdphide |»esent in die 
gases ^riudi become available after tiie direct 
coding may also vary suitably be converted 
into su^)hur 1^ passing these gases to an 115 
flUealTTie water-contaxning sdudon in ^diidi 
at least stHne of the H^S present in these 
gases is absorbed and in whidi sduticm the 
HsS is c onve r t ed into demental sulphur 
widi die aid of a catalyst For this puqjose 120 
the Stretfind process is very smtablie, wtee- 
in sodium vanadate and/or sodium ferro- 
cyanide and/or sodium arsenate and/cw 
sodium anthraquinone disulphonate and/or 
ram oxide and/or iodii^ are very suitable as 125 
catalyst A nuxtnre of sodium vanadate and 
sodium anthraquinone disdphonate is |ne- 
feired. The basic substance in the alkaline 

il^ fSttPT u;; ^f \ fninln^ SOlutfoFl tS ptefetabfy BSk 
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alkali metal caibooate^ ia pardctdar sodium 
cartxHiate. 

The alkalioe water-containing solutiDn is 
preferably ooodnuotisly cegenefatBd during 
S the process by passing an oaLygto^ontatning 
gas (e^ atr) tfaeredirmigjL 

^ The xesullant sdi^rar may be separated 
hi any suitaUe manner, for eaniniptc^ by 
filtxatkniy floatatlop» oentrifuging. 

10 Hie part of the Oaos off-gases ^diidi 
finalfy remains after the hydrogen sulphide 
has been converted into sulphur contains no 
su^hur confounds or ooij a very small 
aiiHHnit thereof and may, if desired after 

13 combustion^ be readily disdiarged to the 
atmosphere via a stadc 

One embodiment of the process is repre- 
sented hi Fig. L The Oaus off-gases are 
passed throngji a ssip^ line 1 to a direct 

20 heating bur^ 5. Fuel is passed to this 
burner 5 through & hue 2 and an cnygen- 
onntajnjng gas through a line 3. Hydr^en- 
containing gas is inooduoed into me direct 
heating burner dirougji a line 4. The Glaus 

25 off-gases^ which have a tBnq)erature oi 
apptosdmatdy 150^ are heated in the 
direct heating burner to a tfrmperatin^e ci 
225% and are subsequently pas^ dirou^ 
a line 6 over a reduction catalyst in a reactor 

30 7* AH the hydrogenrcontaining gas required 
is sqmlied through the line 4. The reduced 
. gases leave the reactx» 7 through a line 8 
and are cooled to a tenmerature below the 
dew point of water at the prevailing pres-^ 

35 sure in two 8tages> namely in a first stage in 
a heat exchanger 9 and in a second stage in a 
coolii]g cdumn 10. In die cooling colimm 
10 die gases flow counteicnrrently to the 
coding water ^diicfa is passed into the cool- 

40 ing oohnun through a line 11. The cooling 
water and water formed by condensation of 
steam which was present in the off-gases 
kave the cooling column through a line 12. 
In the line 12 the d^ree tunndity, vAich 

45 depends on the amount of sulphur present, 
is measured widi tl^ aid of a turfaidity meter 
31. The signal oi this meter is passed to a 
controller 32, -the ouq>ut signal ci vMch 
acQusts a conttd valve 33 in the si^Iy line 

% of the hydrogezb-containing gas 4. In 

controller die ii^ut signal is ccmqiored with 
a set value. If the liquid in the line 12 is 
dear, the sappLy oi hydrogenroontaimng gas 
is maintained at a preset amount: or 

55 some the water leaving the coding cdunm 
10 through the hne 12 may, ff desired, be 
recycled to the coding odmnn after filtra- 
ticm and/or stripping asud/or coding. The 
gases leave the coonng cdumn diroug^ a 

60 line 13 and are pa^ed into an absorber 14 
which contains an aqueous sdutimi of 
sodium carbonate sodium vanadate and 
sodimn anthraquinone Hfrniphnnati^ , The 
xmn-absorbed gases leave the absorber 14 ' 



duKKigjli a line 15. They contain such a small 65 
amount of sdj^mr compounds that they may 
be readily discharged into the atmos^dier^ 
optimally after combustion. HsS is absMbed 
in said aqueous sdution whkh is p^ed 
thrcMijg^ a line 16 into a regeneratian reactor 70 
17 into which oxygen-containing gas is 
8iq)plied throu^ a Ihie 18. The ocMitents of 
the reactor 17, which contains demental 
sdijiur> are disdiarged thmugh a line 19 
to a sulf^ur-separating unit 20 (eg. a filter 75 
or a floatation unit), bom vrihicfa the de- 
mental sdi^iur is disdiarged through a line 
2L From the sul{^nu>«qparating tinit 20 the 
aqueous sduticKi is receded to die abscober 
14 dnough a Une 22. 80 

Another, more prefierred embodiment of 
die process aooocdiqg to die invention is re- 
presented in JB^ % Ls ti& ^ure die part 
downstream of die direct oodmg stage in 
coding oohnm 10 is not shown in the 85 
drawiiig. In the figcne as diown, fnd is 
-passed to a burner S through a line 2 whidi 
is provided with a contrd valve 36. An 
ooq^genrccmtaining gas is siqji^ied throc^ 
a Ime 3 ^iriiich Une is provided with a con- 90 
tid vahe 35. The reducing gas required 
for the reductfcm in a reactcM: 7 is produced 
by cooibustion of die fod in the burner 5 
using less than the stddiiometric prc^xution 
of oombustkm air. In order to be c^Me of 95 
controning the substoicfaiometric combustion 
in respect of soot pnxinaiQiii water, steam 
or a mixture thereof may be introduced 
tiuoi^ a line 39. The Clans c^-gases are 
si^plied to the burner through a line 1. 100 
Afea: the reductioa, the reduced gases are 
indirecdy coc^ in a heat exchanger 9 and 
subsequent^ cooled direcdy m a codmg 
cdumn 10> as described abova After the 
direct codhig die hydrogen content (tf the 105 
gases in the line 13 is condtrctometrkaDy 
measured by means of a m^er 37. The 
dgnal leaving diis meter is compared in a 
contrdkr 38 with a set value ai^Iied via 
Ime 40. The omtrdkr 38 operates die valves HO 

35 and 36. As soon as the measured value 
Ms below the set value, the valves 35 and 

36 are so adjusted tiiat eitiier more fardrocen 
is produced v«hile tfie total vdume of redbo> 

ing gas remains the same or more reducing 1 1^ 
gas is produced at the same hydrogen coif 
tent. 

It will be dear that without ^t ^ rting 
from. the scope of the invendon, tiie process 
ocmcrd as described above may, of course^ 120 
also be effected by deriving a gas y|«p stream 
foam the gas mixture after it leaves the re- 
actor 7, coding diis slip sficeam to bdow 
the des^pdnt of water at the pressure used, 
and measming a sulphur tnrKdity, if ai^, 125 
of die resuhant cmidensatg. Anodier 
p o M ihil ty comprise?^ using die d^ stream, 
after coding for the hydrogen 
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WHAT WE CLAIM IS:— 

1. A pnxxss for the lemoval of SD^nr 
dioxide firom a Qaus off-gas, in whidi a ie> 
dndng gas consisting of or containing £ree 
Ixfdrc^^ or free hydrogen and free ca]1x>n 
monoxide or ficee carbon monoxide is added 
to the Qaus off-gas, the resulting gas 
miztEize is treated by passing it at a tem- 
peiatine m esoess of I75^C over a sulphided 
Qmap VI metal and/or Gmjp Vm metal 
catalyst supported on an im^ganlc osidic 
earner^ the resulting tr eated gas mixture 
v/bSdi contains hydiogen su]^hi£^ is cooled, 
at least paitblly by direct oooUiig with an 
aqueous liquid, to a tenmemtare below the 
denr pmnt of water at me pxevailing pr^ 
sme^ and^ the hydrogen su^uude present in 
the resulting oodbd gas mistore is cuuverted 
inio cfemental sulphur, wherein die pr^or- 
tionjf reducing gas added t o said Qaus 
c^-gas is controlled by (1) dthor (a) measur- 
ing die amount of hydrogen present in said 
treated gas mixture, either befue or after 
ifae direct cooling theiectf, (b) measuring 
after dtcect cooling, the amount of demental 
sn]{ihur framed in said aqueous liquid, (2) 
genoatiiK a signal jpr(^)Mional to die sc^ 
measured amount of hydrogen or elemental 
sohilmr, and (3) utilismg sdd signal to orai- 
trd the amount of said tedndng gas added 
to tbe Qam off-gas so as to maintain eidier 
(a) at least a predetennined excess of Iqfdn^ 
gen m said treated gss mixture or (b) at l^s^^ 

a lWi^f^*twnmiy>i^ iwinitHirfn jimOWlT of fooued 

suhluir in said aqueous liquid, respectivdy. 

2. A pxocess as daimed in daim 1, 

in the Oans off-gases are heated to a tem- 
perature in excess of I75^C in a dicea heat- 
ing burner to \dudi a fuel and an oa^gak- 

cnn taintng gas atC Suppliedi 

3. A process as datined in daim 2, where- 
in the reductqg gas is introdiKcd into tiie 
direct heating burner after the combustion 
of the fuel and befoce die mixing of die 
combustion gases thereof with the Qaus off- 
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4. A process as daimed in daim 2, vdier&- 
in the leductng gas is produced in the direct 

• heating burner by ccHxumstiQn of the fud in 
50 the ^esenoe of less than tlie stofdiiomeitric 
pn^rdiMi of combustion air. 

5. A process as daimed in daim 3 4> 
x^bsT^n water, steam or a mixture dierec^ 
is introduced into the combustion diamber 

55 of the direct heathy burner duriog die cchh- 
bustioiL 

6. A process as daimed in any one of 
daims 2--5, herein the fud is a light 
hydrocarbon having at most 6 carbon atoms^ 

60 or a mixture of sudi hydrocarbons. 

7. A process as <^imed in any gd& c£ 
daims 2-— 5, wherein die fiid is a liquid 
hydrocaibon* 

8. A proc^ as claimed in any one of tiie 
65 .preceding datmsi ^xheretn Qaus off-gos^ are 



passed over the sdphided catalyst at a tem- 
peratme between 180% and 600^ 

9. A pFOcra as daimed in daim 8, ^Aere- 
in the temperature is b^ween 200°C and 
500<>C 

10. A process as daimed in any . one of 
the preceding daims, wherein die catalyst 
contains cobdt and molybdenum. 

11. A process as daimed in any one of the 
preceding daims, wherein the tnoiganic 
osidic carrier is dumina. 

12. A process as dahned in any one of 
the i»eceding c&ims, wherein the off-gases 
are passed over the snlphtdpd catalyst at a 
space vdod^ of SCO to 10^000 MI per litre 
of catalyst per boui!» 

13. A process as dahned in any one of 
the pieceding chrmf^ ^dierdn the mixture 
obtamed afDtt die reduction h coded in two 
st^e^ indirect cooling being used is die 
first stage. 

14. A process as daimed in dahn 13, 
idierdn t& gases are coded to a tem- 
petatme bttween 140°C and 180°C in die 
first stage and to a ftgnpttramre bdow 50% 
in the second stage. 

15* A process as daftned in any one of 
claims 1— 14> ^lerdn after die direct codr 
iqg the h ydr oge n is measured oonductD- 
inf J finally. 

16. A ^ocess as daimed in any one of 
glgtmg 1^—15, wherein die amount of de- 
piM^tal sulphur m die <ydtng hquid used 
m the direct coding is tomnined b^ detect 
mtnfng die tudHdity of this cooling liquid. 

17. A process as daimed in daim 15 or 16, 
^herem tlie resultant s^nal is passed to a 
oontrdler ^lidi operates a contrd valve for 
the supi^y of the reducing gas to Ae ditect 
heating burner. 

18. A process as daimed in daim 15 ox 
16, vtherdn die resultant ^gnal h passed to a 
contrdltf vdiidi c^erates one ot mm cm- 
trol valves for the sap^j of fud mi/ot 
an oxygenrcontaining gas to the direct heat- 
ing burner. 

19. A process as (^imed in any Kme c^^ die 
preceding daims, ^iierein after tlie dfrert 
coding die hydrogen sul|^iide present in die 
gases is converted into su^ihur passing 
these cooled gases through a liquid and 
regenemble absorbent, regeneratmg the 
hydrogen sulphide-enriched absorbent and 



supplying die hy dr og en sulphide-ridi mixture 
Ixb^ted in die r^eneiation to a Qaus plant 

20. A process as dahned in daim 19, 
vdttidn the said Qaus plant is die Qaus 
plant ftoai tiie treated Qaus off- 

gases originafie. 

2L A inocess as daimed in any one 61 
daims 1 — ^18, vAerein after the direct cool* 
ing tiis lQrdro£^ sul^iide mesent in die 
gas^ Is converted into sdpnur by passing 
these cooled ga^ to an alialine water-con- 
falntng solntiQT^ hi whicfa at feast soo^ of the 
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HsS ipseat in these gases is sbsoOied and 
m modi sdntum Ae HsS is converted into 
demeotal sul^iluir widi die aid of a catalyst. 

22. A piocess as daimed in daim 21, 
the nitaltn e water^oontaining 

is a solution of an dSkalimsm 
carbonate. 

23. A process as daimed in daim 22, 
iriierein tiie aDcali metal is sodium. 

24. A process as rlaimpfi jjx ^asy og^e of 
daims 21—23, \dieiein tl^ catalyst present 
in the basic watetKXxitainmg sohxdon is 
sodium vanadate and/or sodium feno- 
^amde and/or sodium arsenate and/<v 
sodium andiraauinone disnlphoaiate and/or 
iron oxide and/or iodine. 



25. A process as daimed in daim 24> 
wherein the catalyst used is a mixture of 
sodium vanadate and sodium antfaxaquinone 
disulphonate: 

26. A ptooess as daimed in daim 1 and 
substantiafly as described with reference to 
the ^gure 1 or ^gnre 2 of dxe aooonqonynqg 
drawings* 

R. C R0GBRS, 
Chartered Patent Agent, 
Shell Centre, 
XxMidon, S£l» 
Agent for die Applicants, 



20 



Primed for Hav^Nfaiesty s Suuonenr OfTicc. by the Cdurier Ptess. Leamington Spa, 1977 
Published by The Patent Office, 25 SouUiampton Buildings. London, WOA lAVrrnmi 
which copies may be obtamed. 



1480228 COMPLETE SPECIFICATION 

ing Is a n 
Inal on a i 

Sheet 1 



9 cuccTC ^''^f'^i o rtproduction of 
c dntrcid OHglnal on a reduced scale 



33 



'-0 



X X z j: 

10 13 W ^ 20 17 



12 



FIG.1 



1480228 COMPLETE SPEORCATION 

2 SHEETS '* 0 reproduction of 

the Original en a reduced scale 
Sheet 2 




